The metallization of aluminum (Al), silicon nitride (SiN) and polyimide (PI) have been investigated by changing the activation method necessary to start electroless plating. The adhesion force between the substrate materials and the following electroless Ni-P plating film is investigated. A one-solution type activation method is too acidic for Al and a zincate process is necessary for metallization. The polyimide substrate showed enough adhesion force for tape peel test. The silicon nitride substrate is difficult to plate uniformly. To increase the adsorption of the Pd catalyst, a conditioning process is effective for the SiN substrate. For one-solution type activation, the zincate process is necessary for the Al substrate and the conditioning process is necessary for the SiN substrate. A two-solution type activation method is available for all substrates and three repetitions are necessary for the SiN substrate. The adhesion force between the plated film and substrates is quantified. The highest value was obtained for the Al substrate after the zincate process, and the lowest value was obtained for the SiN substrate after two-solution type activation. Sufficient adhesion force, over 600 kg/cm 2 , was obtained for all substrates with the two-solution type activation method. Therefore, the two-solution method shows high potential for the metallization of wafers with various materials.
Introduction
High-density packaging technologies have been actively investigated in an effort to develop a ubiquitous networking society by increasing the functions of electronic devices while decreasing their sizes. A wafer-level chipsize package (W-CSP) technology [1] is one of the most promising candidates to realize both high-density packaging and environmentally friendly technology. When we use W-CSP technologies, metallization is necessary for wiring.
On the wafer, different materials such as aluminum (Al), silicon nitride (SiN) and polyimide (PI) coexist. An electroless plating method has advantages for insulate materials such as SiN and PI. We have previously reported that the selection of complexing agents is important in order to achieve high adhesion force between the substrate and the plated film. [2] In the future, simple metallization methods such as a 1-step process that allows the metallization of different materials at once will be necessary to reduce costs.
However, few researchers have reported on a 1-step process. Since the activation method is one of the most important techniques in the metallization of insulator substrates such as glass [3, 4] and ceramics, [5] this paper reports on the basic metallization properties using electroless Ni-P plating, especially for activation methods allowing a 1-step process. In addition, selected electroless plating methods were also investigated. [6] [7] [8] 
Experimental
In this study, we used three kinds of silicon wafer, which are coated with three different materials, i.e., sputtered aluminum (Al), passivation silicon nitride (SiN) deposited by plasma chemical vapor deposition (plasma-CVD), and coated polyimide (PI). Table 1 shows the basic bath composition and operating conditions used in this study. Following a previous investigation, [2] we used glycine as a complexing agent to obtain Tables 2 and 3 show these methods. The one-solution type, shown in Table 2 , has two processes, conditioning and predipping, prior to the catalyzing and accelerating processes. First, we used only the predipping process, and then we added a conditioning process especially for SiN metallization. All solutions were produced by Rhom and Haas Electronic Materials, K.K. In the twosolution type activation process, shown in Table 3 , a dilute stannous chloride solution, 0.05 g/dm 3 , is used as a sensitizer, and a dilute palladium chloride solution, 0.05 g/dm 3 , with a small amount of hydrochloric acid, 0.005 vol%, is used as an activator. The substrates were dipped in the two solutions, sensitizer and activator, and this was repeated two or three times. For one-solution type activation, the aluminum substrates need protection, because the pH of this activator is very low and dissolves aluminum. In this field, electroless Ni-P film is commonly used; however, aluminum is very difficult to plate because it easily forms a passivation film. A zincate method is commonly used; it involves a displacement reaction between zinc and aluminum. Table 4 shows the zincate solution composition. Table 5 shows the electroless Ni-P plating and operation conditions. For this process, malic acid and succinic acid were used as complexing agents in order to obtain adequate adhesion force. Figure 1 shows the process flow of the double zincate process and following Ni-P plating. To improve the adhesion force, a double zincate process, i.e., running the zincate process twice is often used. In this study, we have evaluated adhesion force using two methods. One is a tape-peel test and the other is a quantitative test using a tester (QUAD GROPE CO. Ltd.) as shown in Fig. 2 . The tape-peel test is a simple and widely used Sodium gluconate 10 g/dm method. We used it to test the adhesion force between Al and Ni, [8] but it is qualitative. In the quantitative analysis, the plated films were attached to stud pins by a strong adhesive and the stud pins were pulled. The force required to break the substrates or peel off the films was measured.
Results and Discussion

One-solution type activation method
The one-solution type activation method is commonly used for industrial applications, because of the simplicity of the method and long life of the solution. By changing the Ni-P bath composition, sufficient adhesion force has not been obtained. [2, 9] In this paper, the zincate process was investigated. Table 6 shows the effect of the zincate process on plating for three substrates: Al, SiN, and PI. After the zincate process, the electroless Ni-P films, shown in Table 5 , were successfully plated only on the Al substrate, but no deposition occurred on either the SiN or PI substrates. Moreover, the adhesion force between Ni-P and Al is enough to pass the tape peel test for both single and double zincate processes. Figure 3 shows photographs of three different substrates after plating or the tape-peel test. As shown in Fig. 3 , no deposition was observed on the SiN and PI substrates. On the Al substrate, photographs after the tape peel test show no delamination. This shows that the zincate process is effective for an Al substrate. Figure 4 illustrates the effect of activation time on electroless plating and the tape peel test. For the Al substrate, Temp. 60°C Fig. 1 Process flow of double zincate process. deposition was observed for all activation times and no delamination was observed on the PI substrate for all activation times. From this, it can be seen that the SiN film is the most difficult for metallization.
Zincate process
Effect of activation time on tape peel test without conditioning process
Conditioning process
To increase the amount of adsorbed catalyst, we added a conditioning process as shown in Table 2 . Moreover, we tried a second catalyzing process. Figure 5 shows photographs of Ni-P film after a tape peel test. No delamination was observed for both the single and double catalyzing process. Therefore, it can be concluded that the conditioning process is effective for the metallization of the SiN substrate.
Two-solution type activation method
Since the concentration of the solution using a two-solution type activation method is dilute as shown in Table 3 , the Al substrate is directly available. Figure 6 shows electroless Ni-P films after a tape peel test for all substrates, i.e., Al, SiN and PI, when the twosolution type activation method was repeated two or three show the samples for three activation repetitions and no delamination was observed. Therefore the two-solution type activation method shows high potential to metalize wafers with different materials such as Al, SiN, PI.
Effect of number of repetitions on metallization
Quantification of adhesion force
As mentioned above, the metallization of Al, SiN and PI was achieved, so we next quantified the adhesion force between the plated film and the three substrates. Figure 7 demonstrates adhesion force as measured by the tester shown in Fig. 2 
Conclusion
Metallization on three different substrates, Al, SiN and PI, by electroless Ni-P plating was investigated. Two different activation methods, one-solution type and two-solution type, were investigated. The following results were obtained:
(1) The one-solution type activation is too acidic for Al, and the zincate process is effective to obtain adequate adhesion force.
(2) For the one-solution type activation method, a conditioning process is effective for uniform plating on the SiN substrate, but the adhesion force is low, 313 kg/cm 2 .
(3) The two-solution type activation method is suitable for all substrates and three activation repetitions are necessary for uniform plating. 
